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doi:10.1016/j.ejvs.2009.05.018Abstract Introduction: Endovascular repair of aortic aneurysm (EVAR) has a lower mortality
than open repair. The aim of this study was to assess mortality from EVAR for emergency AAA
repair and the impact of fitness for operation and adverse anatomy.
Methods: One-hundred and forty two patients who had EVAR for a ruptured AAA (80, REVAR) or
a symptomatic AAA (62, SEVAR) between 1994 and 2007 in a single specialist endovascular
centre were reviewed. Fitness for surgery was assessed by Hardman’s index (age> 76, loss
of consciousness, Hb< 9.0, Cr> 190, ischaemic ECG). CT scans were reviewed, compared with
operative images and operation notes for adverse anatomy. Details of perioperative complica-
tions, and outcome were recorded.
Results: Overall mortality at 24-h, 30-days and one year were, respectively: 17%, 36%, 50% for
REVAR and 5%, 8%, 23% for SEVAR. Overall adverse anatomy increased 30-day mortality.
Hardman’s index of three or more increased mortality HRZ 2.59 (1.24e5.41), pZ 0.01. On
Cox regression Univariate analysis increasing Hardman’s index score and adverse anatomy
increased the overall mortality over time. In multivariate Cox regression analysis (controlled
for the Hardman’s index) adverse anatomy was associated with significant increase in graft
related mortality.
Conclusion: The use of EVAR is feasible in patients who present with a ruptured or acutely
symptomatic AAA. Care must be taken not to extend anatomical or clinical guidelines.
ª 2009 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.ac.uk (T. Richards).
ty for Vascular Surgery. PublisheIntroduction
Endovascular Aneurysm Repair (EVAR) is an established
alternative to open surgery for the management of
Abdominal Aortic Aneurysms (AAA).1,2 EVAR confersd by Elsevier Ltd. All rights reserved.
286 T. Richards et al.reduced, post-operative complications, blood transfusion
requirements, ITU stay, and hospital stay.3
The mortality from Ruptured AAA (RAAA) remains high.
In 2004 the UK national vascular database reported a RAAA
mortality of 41% in 1064 cases, which was unchanged over
time.4 None of these cases was managed by EVAR. The
VASCUNET database from six countries reported on 33,780
AAA operations in 2007; 9522 were for RAAA of which only
180 were managed by EVAR.5 Currently it is not known if
EVAR for RAAA is associated with an improvement in patient
outcome. 6 Randomised trials were terminated7 and are in
progress.8 About half of patients presenting as an emer-
gency are thought to be anatomically suitable for EVAR.9,10
However, some surgeons have suggested that the normal
anatomical guidelines for elective EVAR should be
expanded and less favourable anatomy be accepted for
emergency repair.11,12
The aims of this study are to assess outcome of patients
who underwent emergency EVAR for either symptomatic or
ruptured AAA. Further, we wished to assess if fitness for
operation or anatomy of the AAA had an impact on outcome.
Methods
Between 1994 and 2007, 512 EVAR procedures were done in
one hospital, where a 24 h seven day a week EVAR service
was established. EVAR is offered as first line treatment for
all patients with AAA. In addition to the local area many
cases were referred in from other centres for EVAR. The
department protocol is for all patients with a suspected
emergency AAA to first undergo a CT scan for measurement
and suitability. Some 80 patients had EVAR for a ruptured
AAA (REVAR). Ruptured AAA was defined as evidence of
leaking AAA on CT, blood in the abdomen or retroperitoneal
tissues. Cases with radiological suggestion of impending
leak on CT were not included. A further 62 patients had
EVAR for a Symptomatic AAA (SEVAR). Symptomatic AAA
was defined as a patient with AAA who presented as an
emergency the majority with pain and two with distal
embolism caused by the AAA.
All notes were retrospectively reviewed for patient
demographics and mode of presentation. Fitness for
surgery was assessed by use of the Hardman index
(age> 76, loss of consiousness, Hb< 9.0, Cr> 190, ischae-
mic changes on ECG).13 Several patients were referred in
from other centres for EVAR after being turned down for
emergency open repair. CT scans for all patients were
reviewed, compared with operative images and operation
notes. Details of perioperative complications, and outcome
were recorded. All patients were followed up until death.
Where patients had moved out of our area or were lost to
follow up (17 in total) the general practitioner was con-
tacted or the patient telephoned. One case was untrace-
able for long-term follow up. Overall average follow up for
those alive was median 1519 days (range 104e4801).
The pre-operative CT scans of all 142 patients treated as
an emergency were assessed for anatomical suitability for
EVAR. Adverse neck anatomy was defined in the proximal
landing zone below the renal arteries if length< 15 mm,
diameter >30 mm or a ‘hostile’ neck that was either
severely angulated >60, barrel or conical shaped,thrombus lined or circumferentially calcified. Barrel or
conical neck referred to cases where the neck increased by
more than 20% from the proximal diameter over 15 mm.
Adverse iliac artery anatomy was defined where there was
severe calcification or tortuosity of the iliac system (often
a combination of these features), or where both common
iliac arteries were greater than 23 mm in maximal
diameter.
Most patients were treated with an aortouni-iliac graft
and femoralefemoral cross over graft using synthetic
conduit. These were initially manufactured in house until
the Cook system (William Cook, Copenhagen) became
available in 2001. The outcome of some of these patients
has been previously published.14 Three patients were
treated with a Cook Zenith Trifab system. The surgeon-in-
charge carried out all procedures using a mobile C-Arm
in the main operating theatre. No procedures were done in
the main radiology department.
Causes of death were detailed at intervals of: 24 h, 30
days, one year and late. Graft related death was defined as
cases resulting directly from complications related to the
device or EVAR procedure. These included; iliac artery
rupture, problems of graft deployment including deploy-
ment of the graft fabric over the renal arteries leading to
acute renal failure and death. Cases of multiorgan failure
leading to death were not regarded as graft related. Late
complications defined as graft related death included graft
slippage causing type 1 endoleak or type 3 endoleak
directly leading to AAA rupture and death.
Data were analysed on Microsoft Excel, Statistical
comparison was made using Instat (Graphpad Software, La
Jolla, CA, USA). The effects of adverse anatomical features
and Hardmans index on mortality were examined using
univariate Cox regression analysis. Multivariate Cox
regression analysis was performed for each of adverse
anatomical features adjusting for the Hardmans index.
Kaplan Meier analysis and the Cox regression analysis were
performed using SPSS (version 15.0, SPSS Inc. Headquar-
ters, Chicago, IL, USA).
Results
Overall mortality at 24-h, 30-days and one year were,
respectively: 17%, 36%, 50% for REVAR and 5%, 8%, 23% for
SEVAR. Early mortality (within 30 days) was more common
following REVAR; the main causes were multiorgan, cardiac
or respiratory failure. The main cause of late mortality was
cardiac but cancer and other causes such as renal failure
were prevalent (Table 1).
There were a total of 98 adverse anatomical features in
68 patients. Neck diameter >30 mm was present in 33, neck
length <15 mm in 22 and hostile neck 14. Adverse iliac
anatomy was present in 29 cases. Most (48) had one adverse
feature, 13 had two, four had three and three had four
adverse anatomical features. Overall, of 74 patients with
no adverse anatomy 30-day mortality was 18% (13 patients)
this increased to 23% in those with one adverse feature
(pZ 0.051) and 52% if two or more features were present
(pZ 0.002) (Fig. 1).
Graft related complications were not uncommon. Ten
patients (7%) had procedural or device related
Table 1 Mortality following emergency EVAR for AAA,
presenting either symptomatically or as a rupture. Multi-
organ Dysfunction Syndrome (MODS), cardiac and respira-
tory failure was the most common 30-day causes. Cardiac
and respiratory cause remained prevalent over time but
cancer, sepsis (urinary, peritonitis, pneumonia) and other
causes (type A dissection, stroke, broken hip, old age)
increased
CAUSE 30-day Year Late
Bleeding 3
MODS 7
Respiratory 4 1 4
Cardiac 5 5 4
Renal 2 2 2
Sepsis 1 5 1
Other 2 3 7
Cancer 3 5
GRAFT 10 1 4
Total 34 20 27
EVAR for emergency AAA 287complications that led to a fatal outcome within 30 days.
Most (8) were following REVAR. Three had ruptured iliac
vessels following stiff wire or device introduction/removal.
Three had main body related problems: failure to deploy
the graft completely, inability to retrieve the top cap and
displacement/collapse of the graft. Two suffered acute
renal failure when the graft covered the renal arteries. One
had a continued endoleak following placement of an
occluder in the contralateral common iliac artery and one
had small bowel perforation in an abdominal wall hernia
during femoralefemoral cross over grafting. Open conver-
sion was performed in four cases, all of which were fatal.
Adverse anatomy increased early graft related mortality,
present in eight of the 10 patients (pZ 0.048).
A further five patients had delayed endoleak, with fatal
outcome. Four died following type one endoleak; twoFollow up (years)
5.004.003.002.001.000.00
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Survival Functions
Figure 1 Kaplein Meier survival curve for EVAR following
emergency EVAR for those patients with adverse anatomy. Data
were collected until all cause mortality or limit of follow up.patients following open conversion (day 1274 and 2430) and
two presented with rupture (days 727 and 3577); one died
following open conversion and one was managed pallia-
tively. One died following open conversion for a type III
endoleak (day 267). Three had adverse anatomy at the time
of initial EVAR.
Cox regression Univariate analysis demonstrated that an
increasing Hardman’s index score as well as an adverse
neck diameter and ‘hostile neck’ were associated with
increased overall mortality over time (Table 2). Patients
with a Hardman’s index of 3 or more had a significant
increase in mortality HRZ 2.59 (1.24e5.41), pZ 0.01.
Thirty-nine patients had been turned down for open
surgery, most referred in from other centres. In this group
the 30-day mortality was increased from 28% for a fit indi-
vidual to 56% if unfit following REVAR and from 6% to 12%
following SEVAR (RR 1.65, 1.18e2.3, p< 0.001).
After adjusting for the Hardman’s index, adverse neck
diameter and a ‘hostile neck’ were associated with
increased overall mortality (Table 3). When adjusted for
REVAR or SEVAR increased mortality was associated with
a hostile neck (HR 2.0, 1.05e3.79, pZ 0.03) or adverse
neck diameter (HR 2.72, 1.47e5.05, pZ 0.001). In multi-
variate Cox regression analysis (controlled for the Hard-
man’s index), emergency EVAR in cases with adverse
anatomy was associated with significant increase in graft
related mortality (Table 4).
Overall long-term outcome from emergency EVAR is
shown in Fig. 2.
Discussion
This study shows that EVAR for emergency AAA repair is
feasible but care must be taken in considering patients with
significant co-morbidities and in those with adverse
anatomy for EVAR. EVAR performed in patients with
adverse anatomy was associated with a significant increase
graft related complications leading to increased mortality.
The use of EVAR for ruptured AAA was first reported in
1994.15 Since then single centres have reported small series
with a mortality for REVAR of 17e24%16,17 and two multi-
centre studies reported similar results of 26e45%
mortality.18,19 In a recent systematic review of 22 studies
REVAR was associated with reduced mortality (odds ratio
0.624).20 Further REVAR was associated with lowerTable 2 Univariate Cox regression analysis of adverse
anatomical features and Hardmans Index determining
overall mortality. A ‘hostile’ neck was either severely
angulated >60, barrel or conical shaped, thrombus lined or
circumferentially calcified
Factors Hazard
ratio
95% Confidence
intervals
p Value
Neck length 1.34 0.71e2.54 0.37
Neck diameter 2.82 1.52e5.21 0.001
Hostile neck 2.07 1.09e3.93 0.026
Adverse iliacs 1.55 0.92e2.61 0.1
Hardmans 1.62 1.33e1.98 0.000
Table 3 Multivariate Cox regression (controlled for
Hardmans Index) of adverse anatomical features deter-
mining overall mortality. A ‘hostile’ neck was either
severely angulated >60, barrel or conical shaped,
thrombus lined or circumferentially calcified
Factors Hazard
ratio
95% Confidence
intervals
p Value
Neck length 1.41 0.74e2.67 0.3
Neck diameter 2.86 1.53e5.37 0.001
Hostile neck 2.15 1.13e4.08 0.02
Adverse iliacs 1.39 0.82e2.34 0.22
Follow up (years)
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Survival Functions
Figure 2 Kaplein Meier survival curve for EVAR following
Ruptured AAA (REVAR) or for those presenting symptomatically
(SEVAR). Data were collected until all cause mortality or limit
of follow up.
288 T. Richards et al.postoperative physiological complications, reduced ITU and
hospital stay compared to open repair.18,20
This was a retrospective study of the morphology of AAA
treated by EVAR. The CT scans were reviewed using criteria
that would be difficult for a routine infrarenal AAA EVAR.
The process involved was similar to that which occurs in the
assessment of an emergency CT scan in the authors unit.
The methodology can therefore be transferred to an acute
situation. The data were collected over a period of 14
years. As with any new technique, the procedures, grafts
and imaging have changed. In this series, placement of an
endograft in patients with adverse anatomy may have
arisen because of poor graft planning from CT or, poor
intraoperative imaging. Further, several patients recorded
here were referred in from other centres after being
assessed and turned down for open repair locally. There-
fore selection of patients is a limitation of this study as
some, who may otherwise have been treated conserva-
tively, underwent emergency EVAR as the only operative
option. This may account for the numbers of ‘unfit’ patients
and those with adverse anatomy patients that may under an
elective setting have been turned down for EVAR.
These data also reflect the problems of performing
emergency EVAR, often out of normal working hours.11,16,18
No individual factor leads to increased complications of
emergency surgery, small errors often as a result of lack of
familiarity, can compound to disrupt the normal planned
sequential steps involved in graft placement. In this study
earlier CT scans may have been inferior, to those now
available, with wide (5 mm) slices. Newly available 64 slice
CT scanners may help. Training and experience in reading
and ability to reformat CT scans as an emergency may have
been variable. Lee et al. recommended that the decision to
perform EVAR should be made by the most seniorTable 4 Multivariate Cox regression (controlled for
Hardmans Index) of adverse anatomical features deter-
mining graft related mortality. A ‘hostile’ neck was either
severely angulated >60, barrel or conical shaped,
thrombus lined or circumferentially calcified
Factors Hazard
ratio
95% Confidence
intervals
p Value
Neck length 2.97 0.85e10.44 0.09
Neck diameter 3.44 1.03e11.48 0.045
Hostile neck 5.71 1.91e17.05 0.002
Adverse iliacs 2.72 0.95e7.79 0.06clinician.12 The authors agree that surgeons involved in
REVAR should be fully trained in the assessment and
measurement of CT scans for EVAR.21 Further out of hours
‘on call’ staff unfamiliar with EVAR could lead to confusion
in the operating room and using radiographers unfamiliar
with EVAR by portable C arm imaging may have lead to
suboptimal views. Cross-departmental multidisciplinary
training and rehearsal could address these issues.11,22
The data presented here also raises issues concerning
the use of emergency EVAR patients with unsuitable
anatomy. While most anatomical features of neck length,
diameter and angulation are quantifiable we included the
description of a ‘hostile neck’. Present in 14 cases, only
four had severe thrombus or calcification in isolation
without other adverse neck anatomy. The authors
acknowledge that although this definition can be subjec-
tive, these features are taken into consideration for routine
graft planning as worse outcome have been reported in
patients with adverse neck anatomy.23,24
Anatomical criteria are another logistical issue to be
considered when planning multi-centre studies on emer-
gency EVAR. These data show a significant increase in graft
(procedural) related mortality in patients with adverse
anatomy. In such cases open repair may be the preferred
option. Having stated that this study cannot recommend
clinicians to exceed guidelines, there is evidence that
successful procedures can occur in the presence of adverse
morphology. Alsac et al included neck angulation to 90 and
reported EVAR to be suitable in 59% of cases,17 Moore
advocated graft placement in necks of less than 10 mm in
length with the use of ancillary bare metal stenting of the
pararenal neck.22 Metha et al accepted necks as short as
5 mm.11 Others have suggested electively covering the
renal arteries in the emergency setting12 a scenario that
was fatal in the cases in this series. This may reflect
experience in centres familiar with emergency EVAR.
Experience with adjunctive procedures; establishing
EVAR for emergency AAA 289control in heamodynamically unstable patients by supra-
renal balloon placement renal artery, use of large balloon
mounted stents to reinforce a short or angulated neck.11,22
Availability of different endograft options may facilitate
EVAR for adverse anatomy11,25 and access to an endovas-
cular suite with good quality imaging is undeniably benefi-
cial. Good imaging is vital for complex and/or ancillary
procedures, cannulation and stenting of the renal arteries
in case of pararenal top stent EVAR placement, placement
of top cuff extension pieces, coiling of the internal iliac
artery for iliac limb extension and potentially in the future
the use of iliac bifurcation devices or preloaded fenes-
trated devices.
In America EVAR has steadily increased for ruptured
AAA. However, a reduction in mortality following REVAR
was only seen in larger centres. Lesperance et al showed
mortality of 21% in teaching hospitals compared to 55% at
non-teaching hospitals.26 The same finding was seen in
large centres with experience of EVAR compared to those
undertaking less than 100 cases over four years (26 vs 46%
mortality for REVAR).18
The presented data also give information on the use of
emergency EVAR in patients who are unfit and turned down
for open surgery (39 patients). The treatment of emergency
AAA is recognised as having a higher mortality rate. The 2004
UK database figures were 6.8% for elective open AAA and
9.2% for urgent AAA.4 Others have reported an increased
mortality (odds ratio 7.4) for emergency EVAR in high-risk
surgical patients.27 In light of these figures our results for
SEVAR in unfit patients compare favourably. REVAR in unfit
patients was feasible but the outcome was worse, it may not
be the ‘easier option’. These results should be used to
influence the consent process for such patients.
The authors suggest emergency EVAR should be under-
taken in centres experienced and familiar with EVAR.
Where a multidisciplinary training programme and a pan-
departmental protocol for the management of emergency
EVAR can be effectively established. These larger centres
should have access to an endovascular suite with a full
choice of endografts and ancillary devices. Future
clinical studies should be careful about anatomical or
clinical guidelines in order not to extend recruitment for
trials on emergency EVAR.
Conclusion
The use of EVAR is feasible in patients who present with
a ruptured or acutely symptomatic AAA. Care must be
taken not to extend anatomical or clinical guidelines.
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